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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: The aim of this study was to evaluate microleakage and bond
strength in primary tooth dentin after disinfection with chlorhexidine solution or gaseous
ozone.
Materials and methods: Sixty primary first and second molar teeth without caries were
collected. Thirty of these teeth were ground to expose the dentin surface and divided into
three groups (n Z 10 for each group). After the application of materials, the teeth were
restored with compomer restorations. Dentin sticks were obtained from these specimens
and used for the microtensile bond strength test. The effect on the microleakage of the same
materials of compomer restorations was then tested. class V cavities were prepared on the
facial surfaces of the remaining 30 sound primary first and second molars to which the mate-
rials were applied and that were restored with compomer. The teeth were thermocycled,
stained with basic fuchsine, sectioned for microleakage evaluation, and examined under a ste-
reomicroscope. Kruskall-Wallis, Mann-Whitney U, one-way ANOVA, and post hoc Tukey tests
were used for statistical analyses.
Results: When the bond strength of the groups were compared, the difference between the
ozone group and the control group was not significant (P > 0.05); however, the difference be-
tween the chlorhexidine group and either of the other two groups was significant (P < 0.05).
The chlorhexidine group of teeth showed the lowest bond strength rates. When the occlusal
and gingival microleakage rates among the groups were compared, the difference was insignif-
icant (P > 0.05).of Pediatric Dentistry, Faculty of Dentistry, Cumhuriyet University, Sivas, Turkey.
o.com (A. Kapdan).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
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Microleakage and bond strength of primary tooth 47Conclusion: Ozone application may be an alternative antibacterial procedure because the
bond strength increased after ozone application. Chlorhexidine decreased bonding signifi-
cantly. There was no significant difference between the microleakage values.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.Introduction saline solution. The criteria for tooth selection included (1)Bacterially contaminated cavity walls associated with caries
areapotential problem in restorativedentistry.1 Bacteria can
remain in the smear layer or in the dentinal tubules and can
potentially multiply.2 Studies indicate that residual bacteria
may proliferate from the smear layer beneath restorations,
allowing toxins to diffuse to the pulp and thereby resulting in
irritation and inflammation.1,2 It has been argued that mi-
croorganisms that are present in the cavity walls cannot be
removed by usingwater spray or by restorativematerials that
contain disinfectingagents.3 Therefore, theadjunctiveuseof
antibacterial solutions after cavity preparation may reduce
the incidence of postoperative sensitivity by eliminating
viable bacteria and their toxins from the restorative inter-
face.4 The use of a cavity disinfectant before applying a
dentin adhesive agent can reduce or eliminate postoperative
sensitivity in composite restorations.1
Commercially available disinfectants containing com-
pounds such as chlorhexidine digluconate, disodium ethyl-
enediaminetetraacetic acid (EDTA) dihydrate, sodium
hypochlorite, hydrogen peroxide, and iodine have been used
to remove oil and bacterial contaminants. Chlorhexidine
contains chlorhexidine gluconate, which binds to the amino
acids in the dentin and continues to kill bacteria for several
hours.5,6 This makes it a good antimicrobial agent.1,7,9e11
Chlorhexidine has broad spectrum activity. Gram-positive
bacteria, particularly Streptococcus mutans, are generally
more susceptible to chlorhexidine than are Gram-negative
bacteria.12,13
These solutions are useful when used in combination
with metallic restorations, but they may be less than ideal
when used in adhesive techniques because they inhibit
bond strength.14e16 As an alternative approach, ozoned
water or ozone gas may be used as an antimicrobial agent.
Ozone application for 20 seconds effectively eliminates
99.9% of microorganisms in primary caries lesions.17
Ozone is an energy-rich and a highly unstable form of
oxygen. It is a strong and fast oxidizer of cell walls and
cytoplasmatic membranes of bacteria and is considered one
of the best bactericidal, antiviral, and antifungal agents.18
The antibacterial effect of ozone on S. mutans has been
evaluated in several studies.17,19e21
To the best of the authors’ knowledge, scientists have not
testedwhether the gaseous high-dose (2100 ppm) application
of this oxidant has any negative influence on bond strength.22
The aim of this in vitro study was to evaluate microleakage
and bond strength in primary tooth dentin after disinfection
with a chlorhexidine solution or gaseous ozone.
Materials and methods
Sixty recently extracted first and second primary molars
were collected and stored at 4C in a sterile physiologicalan intact crown enamel and (2) lack of caries or cracks. The
teeth were cleaned. They were then pumiced with a rubber
prophylaxis cup and with pumice for 30 seconds. Thirty of
the teeth were used for the microtensile test. The
remaining thirty teeth were used for the microleakage test.Microtensile test procedures
Tooth preparation
The occlusal enamel of 30 teeth was removed perpendic-
ular to the long axis of each tooth by using the Isomet low-
speed diamond saw (Buehler, Lake Bluff, IL, USA) under
water lubrication. Grit sandpaper (numbers 240, 400, and
600) were then used to polish the dentinal surface and
create a smear layer.
Experimental design
The 30 teeth selected were randomly divided into the
following three groups:
Group 1 The teeth underwent gaseous ozone (Healozone;
Kavo Dental, Biberach, Germany) application for
80 seconds.
Group 2 The teeth underwent a 2% chlorhexidine digluco-
nate solution (Cavity Cleanser, Bisco, USA) appli-
cation to the dentin for 30 seconds without being
rinsed; they were then dried with absorbent paper.
Group 3 The control group. No disinfectant was applied.Bonding procedures
The adhesive system was applied by following the manu-
facturer’s instructions. Prime & Bond NT (Dentsply, Caulk,
Milford, Del, USA) was applied to the dentin, maintained on
the surface for 20 seconds, dried for 5 seconds with oil-free
air, and light cured for 10 seconds.
After the treatments were performed, 4-mm high blocks
of compomer resin (Dyract Extra; Dentsply, Konstanz,
Germany) were made in increments of approximately 2 mm.
Each increment was light cured for 40 seconds. The teeth
were then placed in distilled water at 37C for 24 hours.
Preparation for microtensile bond testing
Microtensile testing was undertaken by using the non-
trimming technique that was first described by Shono et al.23
Each tooth was sectioned with a slow-speed saw (Isomet;
Buehler, Lake Bluff, IL, USA) under water cooling into mul-
tiple beams of 0.7e1 mm2. The cross-sectional areas and
remaining dentin thickness of the selected specimens were
measured by using a digital caliper that was exact to within
0.01 mm. Twenty-five beams were tested for Group 1; 24
beams, for Group 2; and 26 beams, for Group 3. The ends of
each specimen were fixed to the microtensile device by
48 A. Kapdan, N. O¨ztas‚using a cyonoacrylate adhesive plus an accelerator (Zapit;
Dental Ventures of America, Corona, CA, USA). The speci-
mens were stressed in tension until failure by using a
microtensile testing machine (LF Plus; Lloyd Instruments,
Ametek Inc., Leicester, England) at a crosshead speed of
0.5 mm/min; the microtensile bond strength (mTBS) was
calculated and expressed in MPa (Fig. 1).
After microtensile testing, the fracture surfaces of all
specimens were examined by using a stereomicroscope
(Nikon SMZ 800; Nikon Corporation, Tokyo, Japan) at 40
magnification to determine the mode of failure. Three
representative specimens of each group were selected and
additionally examined by scanning electron microscope
(SEM) (JSM 6060; JEOL, Tokyo, Japan) to confirm the ste-
reomicroscopic observations. Before the SEM observations,
the specimens were air-dried and sputter-coated with gold.
Photomicrographs of representative areas of the fractured
surfaces were obtained at 1200 magnification. Failures
were classified as adhesive (i.e., interfacial failure),
cohesive in dentin, cohesive in resin (including failures
within the resin composite or the adhesive layer), or mixed.Figure 1 Schematic depiction of the preparation for microten
occlusogingival direction, producing rectangular specimens with
affixed to the microtensile device.Microleakage test procedures
Thirty recently extracted first and second primarymolar teeth
were cleaned. On the buccal surface of each tooth, class V
cavity preparations were placed with a cylindrical diamond
bur (KG Sorensen; Zenith Dental ApS, Agerskov, Denmark) in a
high-speed handpiece utilizing water spray coolant. No bevel
was used in the preparation. Cavosurface walls were finished
with a steel bur (Brasseler, Savannah,GA, USA) in a slow-speed
handpiece to a butt joint. Each cavity was produced above the
cemento-enamel junction, and was approximately 2 mm
wide, 2mmdeep, and 3mm long. Each preparationwas rinsed
for 20 seconds with distilled water and dried with compressed
air for 20 seconds. The teeth were randomly divided into the
following three groups (nZ 10 for each group):
Group 1 The teeth underwent gaseous ozone (Healozone,
Kavo Dental, Biberach, Germany) application for 80
seconds.
Group 2 The teeth underwent a 2% chlorhexidine digluco-
nate solution (Cavity Cleanser, Bisco, USA)sile bonding testing. Each tooth is serially sectioned in the
an approximate area of 0.7e1 mm2. The specimens are then
Figure 2 Schematic depiction of the scores for microleakage
evaluation.
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being rinsed; they were then dried with absorbent
paper.
Group 3 The control group. No disinfectant was applied.
After cavity disinfection, the dentin-bonding system
Prime & Bond NT (Dentsply, Caulk, Milford, Del, USA) was
applied to the dentin, maintained on the surface for 20
seconds, dried for 5 seconds with oil-free air, and light
cured for 10 seconds. Dyract Extra compomer resin was
condensed into the preparations and light cured for 40
seconds. The compomer restorations were finished to the
cavosurface margins with a tungsten carbide finishing bur
(H133F.314.010, Komet, USA) and Sof-Lex Disks (3M ESPE,
Dental Products, Seefeld, Germany). All teeth were stored
at 37C for 24 hours in distilled water. They were thereafter
subjected to 500 thermal cycles between water baths of 5C
and 55C with a dwell time of 10 seconds. The apicies of the
specimens were sealed with glass ionomer cement (Aqua
Ionofil Plus; VOCO, Cuxhaven, Germany). All tooth surfaces
were covered with three coats of fingernail polish to within
approximately 1.0 mm of the tooth restoration margin. The
specimens were immersed in 0.5% basic fuchsine dye at 37C
for 24 hours. After staining, the teeth were rinsed to remove
residual stain and each tooth was embedded in a chemically
cured acrylic resin (Vertex Dentimex, Zeist, Netherlands).
All teeth were then sectioned buccolingually in the
approximate center of the restoration with an Isomet low-
speed saw (Buehler, Lake Bluff, IL, USA). Two examiners
assessed microleakage at the occlusal and gingival margins
by using a stereomicroscope (Nikon SMZ 800; Nikon Corpo-
ration, Tokyo, Japan) at 40 magnification. Each examiner
independently judged the depth of the stain in accordance
with the scale in Table 1 and Fig. 2.24
Statistical analysis
The data analysis was performed by SPSS (Statistical
Package for the Social Sciences) for Windows version 11.5
(SPSS, Chicago, IL, USA) pack software. Descriptive statis-
tics were presented as the mean  standard deviation for
bond strength and as the median (i.e., minimum-maximum)
for the microleakage level. The significance of the differ-
ence between the means of the bond strength was assessed
by one-way analysis of variance. If the results of the anal-
ysis of variance were significant, the groups contributing
the significant difference were determined by using the
post hoc Tukey test. The Kruskal-Wallis test was used to
assess whether there was a significant difference between
the groups with regard to the microleakage levels. WithinTable 1 Criteria for the degree of microleakage.24
Scores Contents
0 No dye penetration
1 Dye penetration along the interface to
one-third of the cavity depth
2 Dye penetration along the interface to
two-thirds of the cavity wall depth
3 Dye penetration to, but not along, the axial wall
4 Dye penetration up to and along the axial wallthe study groups, the significance of the difference be-
tween the microleakage levels in the occlusal and gingival
areas was assessed with the Mann Whitney U test. The level
of significance was set at P < 0.05.
Results
Microtensile bond strength
The results of statistical assessments showed a significant
difference between the test groups in bond strength
(P < 0.05). The bond strength was significantly lower in the
chlorhexidine group than in the ozone group or the control
group (P < 0.05). A significant difference in bond strength
did not exist between the ozone group and the control
group (P > 0.05). Table 2 shows the bond strength values of
the groups.
The fewest number of adhesive breaks occurred in the
ozone group, and the greatest number of adhesive breaks
occurred in the chlorhexidine group (Table 3 and Fig. 3).
Figs. 4e6, which were obtained by scanning electron mi-
croscopy, show the types of fracture surfaces (i.e., adhe-
sive, cohesive, and combined).
Microleakage
Leakage values of the occlusal and gingival margins were
compared individually between groups with statistical as-
sessments. Occlusal and gingival microleakage values of the
restorations were compared for each material. The median
microleakage levels in the occlusal margin were 0 in the
ozone group (minimum 0 to maximum 0); 0 in the chlor-
hexidine group (minimum 0 to maximum 1); and 0 in the
control group (minimum 0 to maximum 4). Between groups,
the microleakage levels in the occlusal margins was not
significantly different (P > 0.05). Table 4 lists the occlusal
margin microleakage values of the groups.
Median microleakage levels in the gingival margin were
1.5 in ozone group (minimum 0 to maximum 4); 2.5 in the
chlorhexidine group (minimum 0 to maximum 4); and 2 in
the control group (minimum 0 to maximum 4). A significant
difference did not exist between the groups in the
Table 2 Bond strength values of the groups.
Groups Mıcrotensile bond strength, MPa
(mean  SD)*
Ozone 21.04  4.85a
Chlorhexidine 15.07  6.58b
Control 19.82  6.16a
F 5.994
P 0.004
The level of significance is P < 0.05.
*Values indicated with the same letter did not differ signifi-
cantly (P > 0 .05).
Figure 3 Distribution of the fracture group types.
50 A. Kapdan, N. O¨ztas‚microleakage levels in the gingival margin (P < 0.05). Table
5 shows the gingival margin microleakage percentiles and
distributions.
When the microleakage values of the occlusal and
gingival margins were compared in the ozone, chlorhexi-
dine, and control groups, the levels in gingival margin were
significantly higher (P < 0.05).
Discussion
Studies investigating the effect of compomer material of
cavity disinfectants and ozone application system on bond
strength have been absent from the literature review.
Thus, to contribute to pedodontia clinical applications, a
compomer resin with suspected antibacterial effectiveness
that we frequently use for primary teeth was used in our
study because of its low fluoride content.
The bond strength is the power of the unit area in the
interface between the tooth and the restoration. Shear and
adhesion tests are frequently used to analyze this strength.
The microtensile bond strength test enables testing of very
small bonding areas. Because the stress distribution would
be more homogenous and high bond strength values could
be measured, the microtensile test was preferred in the
present study.25e27 Sano et al,27 who introduced the
microtensile test, state that microtensile bond strength and
the cross-sectional area are inversely proportional. Cohe-
sive fractures were formed more frequently when the area
was large. Thus, high bond strength outcomes could not be
obtained. Cohesive fractures decreased when the bonding
area was reduced; cohesive fractures did not develop inTable 3 Fracture types of the groups.
Groups Fracture type
Adhesive Cohesive Mix Total
Ozone, no.
(%)
15
57.7
9
34.6
2
7.7
25
100.0
Chlorhexidine, no.
(%)
24
96
1
4
d 24
100.0
Control, no.
(%)
21
87.5
3
12.5
d 26
100.0
Total, no.
(%)
60
80.0
13
17.3
2
2.7
75
100.0cross-sectional samples that were less than 2 mm2. Sano
report that the real bond value can be obtained when the
cross-sectional area is below 2 mm2. When the sample size
have been evaluated in previous studies, Goracci et al
report that the cross-sectional area should be between
1.5 mm2 and 0.5 mm2 for the microtensile bond strength
test.25 In the present study, these data were taken into
consideration and samples with a mean size of 0.7e1 mm2
were prepared.
In the present study, there were differences between
groups when they were compared by fracture types. Ad-
hesive fractures most frequently occurred in the control
and chlorhexidine groups; however, cohesive fractures
were most frequent in the ozone group. No mixed-type
fractures occurred in the control or chlorhexidine groups,
but did occur in two samples in the ozone group. Adhesive
and cohesive fractures were present at 87.5% and 12.5%,
respectively, in the control group and at 96% and 4%,
respectively, in the cavity cleanser group. The percentages
of the fractures were 57.7% for adhesive fractures, 34.6%
for cohesive fractures, and 7.7% for mixed-type fractures.
De Sousa Vieira et al28 investigated bond strength in pri-
mary tooth dentin that used a cavity disinfectant such as 2%
chlorhexidine. They reported frequent adhesive and cohe-
sive fractures in primary tooth dentin; this was similar to
the findings of our study.
A possible problem with using cavity disinfectant is its
negative effect on the bonding of the hydrophillic resin toFigure 4 Scanning electron microscope photograph of a
specimen with an adhesive fracture. D Z dentin.
Figure 5 Scanning electron microscope photograph of a
specimen with a cohesive fracture. R Z resin.
Table 4 Occlusal margin microleakage values of the
groups.
Groups Score 0 Score1 Score 2 Score 3 Score 4 Total
Ozone, no.
(%)
10
100.0
d d d d 10
100.0
Chlorhexidine,
no.
(%)
8
80.0
2
20.0
d d d 10
100.0
Control, no.
(%)
8
80.0
1
10.0
d d 1
10.0
10
100.0
Total, no.
(%)
26
86.7
3
10.0
d d 1
3.3
30
100.0
Microleakage and bond strength of primary tooth 51dentin.1,2 Research reportedly indicates that rewetting
would be accomplished and a better bond would be ob-
tained by using cavity disinfectants before applying the
hydrophilic dentin primary.15 Many studies are available
investigating the effect of cavity disinfectants on the bond
strength of dentin bonding systems.2,9,10,15,29 However,
different outcomes are obtained, depending on the content
of cavity disinfectants, the dentin bonding system, the
restorative materials used, and the application procedure.
Chlorhexidine is a good antimicrobial agent, and it is
usually used in studies. In the present study, gaseous ozone
was the test group. We wanted to test and compare it to a
traditional disinfectant material. Therefore, we used only
chlorhexidine and ozone. In this research study, the bond
strength of the chlorhexidine group was significantly lower,
compared to the bond strength in the ozone and control
groups, before applying Prime & Bond NT (a dentin bonding
system that modifies the smear layer and is applied without
the need acidification in primary tooth compomer restora-
tions) (Dentsply, Konstanz, Germany) (P < 0.05).
Chlorhexidine increases the free surface energy of
enamel and dentin.30 Chlorhexidine reportedly has anFigure 6 Scanning electron microscope photograph of a
specimen with a mix-type fracture. D Z dentin; R Z resin.affinity for the tooth surface. This property increases with
acidification. As a result, chlorhexidine that has a strong
positive ion load may easily bind to phosphate groups and
increase the bonding of an adhesive to dentin.8,12,13,31
Similar to the present study, Meiers et al2 reported that
using a cavity disinfectant (such as 2% chlorhexidine) before
applying Syntac (Ivoclar, Vivadent, Schaan, Liechtenstein)
(a dentin bonding agent that modifies the smear layer)
decreased the bond strength of the healthy permanent
teeth that have been restored with a composite. However,
using 2% chlorhexidine before acidification did not have any
effect on the bond strength of systems that remove the
smear layer.
Castro et al11 tested the bond strength of three different
dentin bonding systems (Prime&Bond NT, Single Bond (3M
ESPE, Dental Products, St. Paul), and Clearfil SE Bond
(Kuraray , New York City, America)) by using 2% chlorhexi-
dine before and after the acidification of dentin. They
found no difference between groups in the bond strength.
El-Housseiny et al9 reported that the application of
chlorhexidine-containing cavity disinfectants before dentin
acidification did not have a significant effect on bonding
composite restorations to enamel and dentin when using
Scotchbond MultiPurpose Plus (3M ESPE, St. Paul, Minn). Say
et al10 similarly reported that, when using disinfectants
containing 2% chlorhexidine and 1% benzalkonium after
acidification, permanent tooth composite restorations
that were performed by using One-Step (Bisco, USA)
(an acetone-based total etch system) and Optibond Solo
(Kerr, Italy) (an alcohol-based total etch system) did not
negatively affect shear or bond strength. Perdigao et al8
reported that using Consepsis (Ultradent, USA) afterTable 5 Gingival margin microleakage values of the
groups.
Groups Score 0 Score 1 Score 2 Score 3 Score 4
Ozone, no.
(%)
3
30.00
2
20.00
1
10.00
3
30.00
1
10.00
Chlorhexidine, no.
(%)
3
30.00
d 2
20.00
1
10.00
4
40.00
Control, no.
(%)
3
30.00
1
10.00
2
20.00
3
30.00
1
10.0
Total, no.
(%)
9
30.00
3
10.00
5
16.7
7
23.3
6
20.00
52 A. Kapdan, N. O¨ztas‚acidification did not decrease the shear bond strength of All
Bond 2 (Bisco, IL, USA); however, they observed debris on
the dentin surface and noted that dentil tubules developed
as a result of chlorhexidine, which could decrease the bond
strength.
Gurgan et al6 reported that a chlorhexidine application
before or after acid application could negatively affect the
shear strength of the total etch system Permagen Ultradent,
South Jordan, U.S.A.; however, the bond strength was not
affected when the cavity disinfectant was washed before
applying the bonding agent. In accordancewith these studies,
Pilo et al15 state that washing Consepsis (Ultradent, USA)
(used after acidification) may increase the shear strength of
the One Step adhesive system. In their study using primary
teeth, Veira and da Silva28 washed a cavity disinfectant
(containing 2% chlorhexidine) after application and there-
after applied 37% phosphoric acid. The shear bond strength of
these teeth was decreased, compared to the teeth with no
application of chlorhexidine. The teeth had been restored
with a composite after Single Bond application (i.e., a total
etch system). They concluded that chlorhexidine remnants
and calcium and phosphate ions interact, and thereby
decrease the bond strength. Thus, it is possible to interfere
with the binding of the bonding agent. Cao et al32 also report
that disinfectants can decrease dentin bonding strength.
In the present study, the chlorhexidine-containing cavity
disinfectant decreased the dentin bonding strength. The
smear layer could not be removed, but was modified
because the dentin surface was not acidified through the
dentin bonding system we used in our study (Prime & Bond
NT). Debris moreover formed because of the application of
chlorhexidine to dentin surfaces, which led to decreased
dentin bonding strength.
In a previous study, the high activity and oxidation po-
tential of ozone reportedly affect some physical properties
of enamel and consequently the bonding of the enamel.33
Rodrigues et al34 evaluated the effects of ozone and so-
dium ascorbate on resin-dentin mTBS. They reported that the
application of ozone decreased the mTBS of the dentin-
composite resin interface. However, in a study evaluating
ozone therapy, the application of ozone did not affect the
bond strength of the composite material to the enamel and
dentin.35 Al Shamsi et al36 tested orthodontic braces that
were bound to the enamel through the application of ozone.
There was no significant difference between the ozone
group and the control group. However, they found higher
bond strength values in the ozone group. Arslan et al37 re-
ported that the use of the tested cavity disinfection agents
(i.e., chlorhexidine, sodium hypochlorite, propolis, ozone
and Er,Cr:YSGG laser) did not significantly affect the dentin
bond strength of a silorane-based resin composite. Cadenaro
et al38 evaluated the effects of gaseous ozone application on
enamel and on the dentin bond strength (two self-etching
adhesive systems [Clearfil Protect Bond (Kuraray, America)
and Xeno III (Dentsply, Konstanz, Germany)] were
compared). They reported that using ozone gas to disinfect
the cavity before restoration had no influence on immediate
enamel and dentin bond strength.
Schmidlin et al22 analyzed the effect of ozone therapy
alone or with reductant fluid on composite bond strength in
enamel and dentin. In the study, ozone was applied for 60
seconds in the first group; ozone was applied for 60 secondsand a reductant liquid was applied in the second group; 35%
hydrogen peroxide was applied in in the third group; and no
intervention was administered in the control group. After
these applications, the bonding systems were evaluated.
The enamel and dentin and the groups were analyzed with
regard to bond strength after the composite resin restora-
tion. The bond strength of the enamel was highest in the 60
seconds ozone group. Using a reductant liquid after
applying ozone decreased the bond strength. There was no
difference between the groups with regard to the dentin
surface. The bond strength was high in the 60 s ozone group
and decreased in the reductant liquid group.
Few studies are available that evaluate the effect of
ozone therapy on bond strength. Ozone reportedly does not
affect binding to dentin or it minimally increases binding.
We did not find in our study a statistically significant dif-
ference in the bond strength between the ozone group and
the control group, although the bond strength values were
slightly higher in the ozone group. We conclude that the
high activity and oxidation potential of ozone may affect
some physical properties of dentin. Therefore, the bond
strength values were higher in the ozone group than in the
control group.
The most important factor for the long-term clinical
success of a restoration is providing an effective and per-
manent plugging between the restorative material and
tooth surfaces. Microgaps may develop between a tooth
and filling because of contraction during the polymerization
of the esthetic restorative material in the same color as a
tooth that is widely and recently used. Bacteria, ions, and
fluids may easily pass from these gaps and lead to micro-
leakage; this causes secondary caries, pulp inflammation,
sensitivity, and coloring on the interfaces.39
Based on the microleakage results of the present study,
a statistically significant difference did not exist between
groups when comparing the leakage values in the occlusal
and gingival margins. Occlusal impermeability was 100% in
the ozone group, whereas occlusal impermeability was 80%
in the control and cavity cleanser groups. We found only
30% gingival impermeability in all groups, but varying de-
grees of microleakage in the other samples. This result
indicated that 2% chlorhexidine solution and ozone appli-
cation did not cause the difference in the microleakage
values of dentin bonding systems.
Meiers et al1 applied disinfectants containing chlorhexi-
dine and iodine/potassium iodine on class V cavities of
removed molar teeth, and analyzed the effect of these dis-
infectants on the microleakage values of dentin bonding
agents (Syntac (Ivoclar Vivadent, Schaan, Liechtenstein) and
Tenure (Den Mat, Santa Maria, California, USA)). They state
that 2% chlorhexidine solution can be used to disinfect the
cavity without causing a change in microleakage values of
dentin bonding agents. In a study that used removed per-
manent molar teeth, Turkun et al40 reported that using
Consepsis (Ultradent, USA) and Tubulucid Red (Dental Ther-
apeutics AB, Sweden) for cavity disinfection did not affect
the cavity-closing property of Clearfil SE Bond (Kuraray, New
York City, America) and Prompt-L Pop (3 M ESPE, Seefeld,
Germany). The results of this study support our findings.
A study by Tulunoglu et al41 investigated the effect of
two disinfectants on microleakage values. One disinfectant
was chlorhexidine-based and the other was alcohol-based.
Microleakage and bond strength of primary tooth 53They were used as the cavity wash before applying the one-
step dentin bonding systems (Syntac and Prime&Bond) in
class V composite restorations. They found that the chlor-
hexidine solution increased the microleakage values of the
two dentin bonding systems. Piva et al42 investigated the
microleakage values of amalgam restorations (using 2%
chlorhexidine and sodium hypochlorite [NaOCl]). They re-
ported no difference in the gingival margin microleakage
values. However, the occlusal margin leakage values of
NaOCl were high. They reported a statistically significant
difference in the in-group comparisons of gingival and
occlusal margin leakages.
Trowbridge43 state that the locations of the cavity walls
can affect microleakage. A serious microleakage can
develop in restorations, especially if the margins of the
cavity are in the cement. The cement-dentin junction has a
more permeable structure, compared to enamel, because
the gingival margins of the cavities are located in the
cement. This structural distinction leads to more stain
penetration in the gingival margin; this outcome is
emphasized in many studies.42e47 In the present study, the
microleakage value of the gingival margin was statistically
significantly higher than the microleakage value of the
occlusal margin in the ozone, chlorhexidine, and control
groups.
Cehreli et al48 investigated the effect of ozone pretreat-
ment on microleakage and on the marginal integrity of pit
and fissure sealants placed with or without a self-etch sixth
generation adhesive (Clearfil Protect Bond). They reported
that ozone pretreatment favorably affected the marginal
sealing ability of the tested fissure sealants. Dukic et al49
evaluated the influence of ozone on microleakage and on
the penetration of nanoparticle fissure sealing resin and
flowable composite. They reported that the treatment of the
enamel with HealOzone (KaVo, Biberach, Germany) after
etching did not affectmicroleakageor affect thepenetration
proportion of a flowable composite or sealing resin. Celiberti
et al33 investigated the effect of ozone on the physical
properties of enamel. They tested the effect of ozone on
microleakage in removed permanent molar teeth. They
found that 60 seconds of ozone application did not make a
difference in microleakage with regard to the enamel.
Because of a lack of literature, materials, and methods,
we could not individually compare the results of this study
as to whether the effectiveness of ozone has been evalu-
ated for cavity disinfection and whether detection of the
effect of this application on bond strength and micro-
leakage values are planned. However, our work will lead to
further studies.
In light of these data, we conclude that ozone applica-
tion may be an alternative antibacterial procedure because
bond strength increased after ozone application. Chlor-
hexidine decreased bonding significantly. There was no
significant difference between the microleakage values.
However, further in vivo and in vitro studies are needed.
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